Liver angiosarcoma and hemangiopericytoma after occupational exposure to vinyl chloride monomer. by Hozo, I et al.
GRAND ROUNDS
in Environmental Medicine
CLINICAL HOSPITAL SPLIT
Liver Angiosarcoma and Hemangiopericytoma after Occupational Exposure
to Vinyl Chloride Monomer
Izet Hozo,7 Dinko Miric,2 Lovre Bojic,3 Lovel Giunio,2 Ivo Lusic, Viktor Culic,2 and Miroslav Simunic1
1Department of Gastroenterology and Hepatology, Division of Endoscopic and Ultrasound Investigation; 2Department of Cardiology;
3Department of Ophtalmology; and 4Department of Neurology, Clinical Hospital Split, Split, Croatia
Various malignant tumors ofthe liver, especially liver angiosarcoma, have been described after
occupational exposure to vinyl chloride monomer. We present the case records and pathologic
finding of two plastic industry workers who had been exposed to high concentrations ofvinyl
chloride. These workers developed hepatic neoplasms, osarcoma, orhemangiopercytonma. We
discuss the histogenesis ofthese tumors; the common vascular or and the mutual transforma-
tion of these two tumors suet that theheangiopericyroma may also have developed during
occupational eXPosure tohio ofvinyl chloride monomer. Kyword: hemngioper-
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Case Presentation
We analyzed the course ofdisease in work-
ers involved in the manufacture and pro-
cessing ofpolyvinyl chloride who had been
exposed to high doses of vinyl chloride
monomer (VCM) and who were treated at
the Clinical Hospital in Split, Croatia, from
1987 to 1996. Out of 17 workers admitted
in that period, we singled out the case histo-
ries oftwo patients whose focal lesions were
established by ultrasonography and who
received complete clinical examinations. The
clinical examinations were performed at the
Clinical Hospital in Split, and histologic
findings were analyzed by the Clinical
Hospital DepartmentofPathology.
We calculated average concentrations of
VCM in the theworking environments ofthe
two men on the basis of measurements
performed by the Chemical Technological
Laboratory (Jugovinil, Kastel Sucurac,
Hrvatska). The Chemical Technological
Laboratoryperformed a retrospective investi-
gation of the exposure to VCM in workers
(autoclave cleaners) who were maximally
exposed to VCM in a suspension polymer-
ization plant. The investigation covered
1969-1987, when the factory was closed
because itwas the highest emitter ofVCM in
the country. The early measurements (before
1980) were performed with Drager tubes
(Drager, Liubeck, Germany). Beginning in
1980, a Miran analyzer (Miran, Wilks, OH,
USA) was used to perform measurements.
Automatic sample collection occurred every
3 min from 12 positions inside the factory;
VCM concentrations were qualitatively mea-
sured by infrared technology and results
were printed. The majority ofworkers were
exposed to concentrations of300-400 ppm
VCM.
One ofthe two patients who worked in
the PVC plant was exposed to concentra-
tions of 50-100 ppm VCM (based on
periodic measurement for protection of
worker's health).
Angiosarcoma ofthe liver (ASL). One
patient, a male born in 1944, worked as an
autoclave cleaner for 2 years (1969-1971)
and from 1971 to 1973 as an autoclave fore-
man exposed to high concentrations ofVCM
(up to 1,000 ppm). The patientwas admitted
to the hospital in 1987 after ultrasonography,
which was performed as part of a regular
medicalsurveillance program.
The ultrasonograph revealed a focal
lesion ofthe left lobe ofthe liver, which was
solid, partly mixed, and contained a pre-
dominantly hyperechoic zone (10 cm in
diameter, including some smaller hypoe-
choic areas and beams spreading radially into
the adjacent parenchyma). Physical findings
revealed hepatomegaly (4 cm). Laboratory
findings included albumin/globulin inver-
sion, gamma globulin of24%, slightly pro-
longed prothrombin time (14 sec), and a
prothrombin index of43%. A computerized
tomographic scan ofthe liver showed a focal
lesion in the left lobe with a diameter of 10
cm and consisting of hypodense areas not
enhanced with contrast, but with a structure
whose density was enhanced after contrast.
The right lobe was of normal density, with
homogenous absorption values.
Hepatic angiography revealed a well-vas-
cularized structure with malignant character-
istics in the left lobe (10 cm in diameter).
Laparoscopy showed that the right liver lobe
was dark red with livid hues, whereas the left
lobe was completely invaded with adhesions.
The patient was referred to a surgeon who
performed partial resection ofthe liver. The
left lobe with tumorous tissue was resected
deep into the healthy parenchyma. Histo-
logic analysis suggested angiosarcoma ofthe
liver (Figure 1); dense rows oftumorous cells
(Figure IA) can be seen near the areas of
hemorrhage, and the vascular space of the
tumor is lined with atypical endothelium,
marked sarcomatous stroma, dense rows of
tumorous cells with distinct polymorphism,
and hyperchromatosis (Figure IB).
Hemangiopericytoma ofthe liver. The
second patient was born in 1937 andworked
for 7 years processing PVC powderwith con-
centrations of 50-100 ppm ofVCM. This
patient was admitted to the hospital because
of cachexia, enlarged lymph nodes of the
neck, and septic temperatures. The findings
induded an erythrocyte sedimentation rate of
63 mm/hr, alkaline phosphatase of610 U/L,
prothrombin time of19 sec, with an interna-
tional normalized ratio of3.1 (normal values
0.9-1.2). Ultrasonography revealed a large
tumor in the left liver lobe (diameter of 16
cm) with ultrasonic characteristics ofa mixed
tumor with hyperechoic and hypoechoic
islets and expansion into adjacent tissue. A
biopsy ofthe liverwas not performedbecause
ofcoagulopathy. A chest X ray showed dis-
seminated metastatic infiltration in the form
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Figure 1. Photomicrograph ofthe liver angiosarcoma (hemalaun-eosin stain) from a VCM-exposed worker. (A) Magnification x79. (8) Magnification x200.
ofseals ofvarying size. The histologic find-
ings ofan extirpated lymph node confirmed
the diagnosis ofhemangiopericytoma (Figure
2A). The patient died shortly afterward, and
the patient's relatives did not permit an
autopsy. The tumor tissue was formed by an
accumulation of atypical pericytes mostly
arranged in rows on the outer side ofthe ves-
sel. In places, the tumor cells appeared
anaplastic, with numerous pathologic mitoses
and large areas ofnecrosis (Figure 2A). After
silver staining, reticulin fibers are visable
(Figure 2B).
Discussion
The toxic effects ofvinyl chloride monomer
(VCM) on the livers of plastic-industry
workers was first noted in 1948 by Tribukh
(1), and the full attention ofthe public dates
back to 1974, when Creech andJohnson (2)
reported angiosarcoma ofthe liver (ASL) in
two plastic-industry workers. Angiosarcoma
is a rare tumor with an incidence of
1:7,000,000 inhabitants; a clear excess of
cases in vinyl chloride workers reported by
Lee et al. (3) offered firm epidemiologic
proof of the carcinogenic effects of VCM.
Viola (4) exposed guinea pigs to high con-
centrations ofVCM and established the vari-
ous forms of malignancy, including liver
angiosarcoma. Up to 1984, 114 patients
with ASL were registered by the Association
ofPlastic Manufacturers in Europe, and over
the next three decades, 300 new patients can
be expected in Europe and up to 1,200 can
be expected in the United States (5).
Since 1975, after the discoveries of
Creech and Johnson (2), some countries
have accepted rigorous regulations on the
emission of VCM (below 1 ppm) in the
working environment (6-8) to prevent occu-
pationally induced liver damage. In Croatia,
the regulations in 1971 allowed 75 ppm
VCM in the work environment. This was
valid until recently, in contrast with the
minimal dose for VCM (1 ppm in work area)
accepted in developed countries (9).
Popper and colleagues (10-11) and
Gedigt et al. (12) described the histiology of
liver angiosarcoma and the presumed
scheme of development of liver angiosarco-
ma. Proliferation ofsinusoidal cells and sinu-
soidal dilatation leads to atypical hyperplasia,
whereas direct stimulation of hepatocytes
with VCM leads to the proliferation of
hepatocytes and formation of regeneratory
nodules (10-12).
Zorica et al. (13) noted angiosarcoma of
the liver in workers in the plastic plant
Jugovinil, Kastel Sucurac, Croatia) 1 year
after the discovery by Creech and Johnson
(2). Since then 12 cases ofASL have been
registered in that factory (14-16). To help
with the early discovery of liver lesions and
diagnosis ofASL, a secondary prevention
program with medical surveillance programs
and screening tests has been instituted.
However, it has been generally accepted that
primary prevention ofoccupationally related
cancers depends on recognizing the risk and
then educating the employers and employees
about the practical steps to eliminate or
reduce exposure; the best prevention method
is the introduction of regulations on VCM
emissions in theworkplace (9).
ASL. Popper and colleagues (10,11) and
Gedigt et al. (12) have undoubtedly provided
the greatest contribution in the study of the
histogenesis and pathohistology ofASL. The
onset ofangiosarcoma usually includes prolif-
eration of sinusoidal cells and sinusoidal
dilatation leading to atypical hyperplasia,
whereas direct stimulation of hepatocytes
with VCM leads to proliferation of hepato-
cytes, formation ofregeneratory nodules, and
development ofhepatoma (12. Tumors may
also occur in papillary form, growing into
adjacent tissue and occasionally forming large
cavernous spaces as a result ofgreatly dilated
sinusoids as the dominant feature. In a typi-
cal histologic picture, there are wide vascular
spaces and systems of anastomosed vessel
canals lined with atypical endothelium, with
marked sarcomatous stroma (17-20). The
histologic finding of ASL in our patient
(Figure 1) shows large vascular spaces lined
with atypical vascular epithelium and with
polymorphism and hyperchromatism ofcells.
This is in complete agreement with the
description ofASL in the literature (11,12).
This patient's medical history is characteristic
for at least two reasons: a) there was a rela-
tively brief period of occupational exposure
to VCM, and b) the tumor developed 15
years after the 4-year occupational exposure
to high VCM concentrations, although after
the exposure, the patient was transferred to a
job where no VCM emissions occurred
(transport worker). This is in agreement with
the view that the length of occupational
exposure is not decisive and that there is no
definitive latency until the onset of tumor:
the only essential condition is the increased
concentration ofVCM in the work environ-
ment. ASL developed without any symptoms
or gradation (hepatitis, fibrosis, cirrhosis,
angiosarcoma). The patient did not complain
ofsubjective discomfort at admittance, nor
did he seem seriously ill. There were no sig-
nificant aberrations in laboratory findings.
Once initiated, the process ofhistogenesis of
the tumor is irrepressible, regardless of fur-
theroccupational exposure to VCM (21).
Hemangiopericytoma of the liver.
Hemangiopericytoma is a rare malignant
tumor formed from pericytes winding
around the capillaries (17). The tumor is
ubiquitous, but is very rarely found in the
liver (22). Hemangiopericytoma metastasizes
in approximately 12% ofcases. Otherwise, it
grows rather slowly, displacing the adjacent
structures and causing little discomfort.
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Figure 2. Photomicrograph ofthe hemangiopericytoma (hemalaun-eosin stain) from the lymph node of a VCM-exposed worker. (A) Magnification x200. (B) Details
ofthe same tumor(hemalaun-eosin impregnated with silver). Magnification x200.
Hemangiopericytoma most commonly
spreads through lymphatics. The histogenesis
of hemangiopericytoma has not been suffi-
ciently explained. Hemangiopericytoma is
characterized by rich vascular tissue consist-
ing ofendothelial canals surrounded by spin-
dle-shaped, oval, or rounded cells with
marked nuclei; cells are arranged around the
basal membrane of collapsed capillaries and
preserved reticulin stroma. In the case of
angiosarcoma, endothelial cells proliferate
and break off the reticulin stroma (17).
Histologic examination ofour patient's liver
revealed tumorous tissue formed from atypi-
cal pericytes, mostly arranged around the
walls ofthe blood vessels. Tumorous cells in
some sites assumed anaplastic appearance,
with numerous mitoses and marked fields of
necroses (Figure 2). Because pericytes are sep-
arated from endothelial cells onlybythe basal
membrane, there is reciprocal transition of
pericytes into endothelial cells and vice versa,
which may suggest a causal interrelationship
between hemangiopericytoma and angiosar-
coma (23). Increased cellularity and intensive
mitotic activity, in addition to areas ofnecro-
sis and hemorrhage, are characteristic of
malignant hemangiopericytoma (23). The
highest degree ofmalignancy is shown partic-
ularlybyareas ofnecrosis in the same tumor.
Conclusion
The interrelationship of these two types of
tumors, their common (vascular) etiology,
and occupational exposure to increased
VCM concentrations in both patients lead to
the conclusion that the onset of heman-
giopericytoma (probably primarily in the
liver) maybe associated with long-term occu-
pational exposure to VCM. This possibility is
important because during exposure to VCM,
not only ASL but other tumors of similar
(vascular) origin can develop. Also, for work-
ers exposed to VCM in the secondary
processing ofpolyvinyl chloride powder, the
risk of developing ASL or hemangiopericy-
toma cannot be excluded. This powder
contains some residual VCM, even after the
stripping process (i.e., removal ofVCM) (55.
It is important to provide systematic preven-
tive checkups forworkers involved in the sec-
ondary manufacture of polyvinyl chloride
products.
In most patients with liver tumors after
exposure to VCM, the diagnosis is established
late, treatment is generally unsatisfactory, and
death ensues within a few months. Segmental
liver resection or liver transplantation offers
the best hope, but is suitable in onlya minori-
ty of cases. Continuous preventive checkups
for these patients after early VCM exposure
may have alerted physicians to the develop-
ment oftheir tumors and enabled timely sur-
gical treatment, providingbetterprognoses.
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